Lymphoblasts obtained directly from the peripheral blood buffy coat of a child with acute lymphoblastic leukemia partially or completely repopulated the depleted bone marrow spaces of 2 hamsters i.v. infused shortly after whole body irradiation in the supralethal dose range. A more extensive series of experiments with lymphoblasts (CCRF-CEM) isolated directly in continuous suspension cultures from the same patient's blood buffy coat, gave similar results. These results are discussed in terms of the potential utility of this kind of experiment, based on the bone marrow protection model, for (a) the heterotransplantation of human leukemic cells; (6) investigation of the biology of human leukcmic cells; and (c) the "monitoring" of cell cultures of hemic or lymphoid origin.
Introduction
Previous reports have described the cytologie and karyologic characteristics of human lymphoblasts isolated directly in sus pension cultures (CCRF-CEM cells) from the peripheral blood of a child with acute lymphoblastic leukemia (4, 6). The present communication describes the heterotransplantation of the original buffy coat lymphoblasts from which these suspension cultures were derived, as well as the heterotransplantation of the cultured CCRF-CEM lymphoblasts themselves, in lethally irradiated hamsters.
Materials and Methods
Syrian hamsters (Tumblebrook Farm, Brant Lake, New York) of either sex, ranging in weight from 90 to 115 gm, were anesthe tized with DiabutaP and irradiated over the whole body at doses varying from 450 r to 1300 r. The irradiation was delivered by a clinical X-ray unit (Siemens) operating with either a stationary or rotating beam (340Â°arc) at 250 KVP, 15 ma, 0.5 mm Cu, 1.0 mm Al, HVL 1.75 Cu, dose rate in air about 95 r/min, target distance 50 cm.
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buffy coat cells resuspended in autologous plasma, or (following establishment of the cultures) varying doses of the cultured lymphoblasts suspended in Eagle's minimal essential medium modified for spinner culture and supplemented with 10% whole fetal calf serum (3). The lymphoblasts in either case were in jected i.v. by retro-orbital puncture; their ultimate fate was determined by examination of the peripheral blood and bone marrow at 4-6 days postimplantation, and by histologie exami nation of the tissues obtained at autopsy. The number of circu lating white cells was determined by the usual hemocytometer counts; and peripheral blood smears, bone marrow imprints, and smears were stained with Wright's and Giemsa's. Histologie specimens were fixed in Tellyesniczky's fluid and stained with hematoxylin and eosin. Serial passage of the implanted lymphoblasts was attempted in similarly X-irradiated adult hamsters, and in intact or thymectomized newborn hamsters. For passage experiments, bone marrow was flushed from all of the long bones of the hamster donors with chilled physiologic saline or Eagle's medium (3); and grossly affected lymph nodes were teased through a stainless steel sieve (20 mesh) into the same suspending vehicles.
Results

BUFFYCOATCELLS.
The total WBC/cu mm of the peripheral blood from which the continuous cultures were derived was 545,000, of which 99% were lymphoblasts (4). A portion of this buffy coat was resuspended in autologous plasma and infused i.v. at a dose of 1.0 X IO9cells into each of 2 hamsters, both of which had been X-irradiated at a dose of 1300 r within 6 hr previously. At this dose of irradiation, most hamsters die by 7 days in com plete hÃ©matologie collapse as evidenced by sections of bone mar row (Fig. 1) . In the present experiments, the 2 hamsters irradiated at this dose and injected with these human peripheral blood lymphoblasts died at 4 and 5 days, respectively. Both hamsters showed evidence of implantation of the infused lymphoblasts (Table 1) , which was more marked in the hamster that died at 5 days than in the one that died at 4 days. In the hamster that died at 5 days, implantation was evidenced by complete repopu lation of the sternal bone marrow space by large mononuclear cells in active mitosis (Figs. 2, 3 ). In this animal there also was histologie evidence of slight but unequivocal periportal infiltra tion of the liver (Fig. 4) , and involvement of the cervical lymph nodes; but the other viscera, including spleen and thymus, were uninvolved. Examination of Wright-and Giemsa-stained periph- eral blood (Fig. 5 ) and femoral bone marrow aspirated from this hamster showed the presence of cells morphologically similar to the inoculated lymphoblasts. The frequency of mitotic figures in both the bone marrow and the liver infiltrate suggest that the im planted human lymphoblasts were actively proliferating when the hamster died. CELLS FBOM CULTURE.At intervals from 1 through 5 months after initiation of the suspension cultures, varying numbers of CCRF-CEM lymphoblasts were infused into hamsters X-irradiated at doses ranging from 450 r to 1250 r. Only when the con ditions of irradiation dose and numbers of infused cells ap proached those employed in the 1st experiments with the buffy coat lymphoblasts did the cultured cells give any evidence of implantation. Thus (Table 1) , repopulation of the bone marrow spaces was observed only in hamsters irradiated at 1250 r and infused with a minimum of 1.0-2.0 X IO9 cells. Of the 5 experi ments involving 2 or 3 hamsters each, done under these condi tions, 4 were successful in that at least 1 hamster in each group had identifiable repopulating mononuclear cells in the bone mar row spaces at death. Of the 11 hamsters comprising all 5 experi ments done under these conditions, 7 were positive.
Among these 7 hamsters, the degree of implantation in and repopulation of the bone marrow spaces was variable; and dis semination, as reflected by the peripheral white cell count, as well as by the degree of infiltration of liver, lymph nodes, or spleen, was similarly variable. Examination of blood smears and bone marrow imprints (Figs. 6, 7) confirmed that the population of mononuclear cells in the marrow and the blood consisted almost entirely of lymphoblasts; and that there were occasional cells in mitosis. In this series, lymph node (Fig. 8) and liver appear to have been more favored than spleen as a site of dissemination from the bone marrow. The presence of identifiable lymphoblasts in the peripheral blood, however, was not necessarily associated with infiltration of the viscera. Involvement of the lymph nodes was more marked in the later as compared to the earlier experi ments with lymphoblasts from continuous cultures. In the later experiments, there was a greater degree of mitotic activity in the lymph nodes than in the repopulated bone marrow spaces.
Discussion
These experiments, attempting to heterotransplant human leukemic cells by i.v. infusion into the irradiated hamster, were based in part on the well known bone marrow protection experi ments recently reviewed by Russell and Monaco (8) and Loutit (5) and, in part, on previous experience with murine leukemia as a model (1) .
It is well established that the hÃ©matologie and immunologie restoration afforded lethally irradiated small mammals by infused allogenic or xenogenic normal bone marrow cells is attributable to implantation of the infused cells in the recipient's hemopoietic and lymphopoietic centers. The resultant chimerism has been studied in both allogenic and xenogenic systems; but aside from previous reports on the heterotransplantability of mouse AK-4 leukemic cells in the irradiated hamster (1), there is little experi mental evidence concerning the applicability of this kind of ir radiation system to the problem of the heterotransplantation of malignant cells of hemic or lymphoid origin (see Addendum).
Previous experience with the AK-4 leukemia model has in dicated that repopulation of the X-irradiation-depleted hamster bone marrow spaces takes place only following high lethal doses of whole body irradiation; and then only when circa 5.0 X 10'-1.0 X IO8 leukemic cells are infused. The results thus appear to be in general conformity with the conditions required to effect transplantation of normal xenogenic bone marrow. In this model, only leukemic cells appeared in the blood prior to death, and their number in the blood was a useful index of transplantability (1) . The leukemic cells grown in hamsters by these means were serially transplantable in the irradiated hamster and retained their strain-specificity upon retransplantation in mice. There was no evidence of irradiation-protection associated with repopulation of the bone marrow spaces by the implanted cells; indeed, im plantation and dissemination of AK-4 cells significantly short ened the survival of the recipient hamsters. Other (unpublished) experiments with this model have indicated that: (a) not all mu rine leukemias were heterotransplantable under these conditions; (&)there was no necessary correlation between heterotransplantability in X-irradiation systems and heterotransplantability in either the immunologically privileged cheek pouch or the immunologically immature neonate; and (c) certain murine leuke mia cells formed nodules at the site of inoculation and dissemi nated to the bone marrow only secondarily, suggesting distinct differences in the biologic origins of different murine leukemia cells despite their superficial morphologic resemblances.
The present preliminary results with human leukemic lymphoblasts obtained directly from peripheral blood buffy coat, and with the CCRF-CEM cultures derived therefrom, are in agree ment with the theoretical expectations and results obtained with the mouse leukemia model. Again, high lethal irradiation and the infusion of large numbers of cells (of the order of 1.0-2.0 X IO9 cells) were required to effect repopulation of the bone marrow spaces within the few days of survival postirradiation. Restora tion of the white count to values ranging from normal to frankly leukemic was solely the result of the implantation and release of lymphoblasts; there was no evidence of regeneration of the ham ster bone marrow at these irradiation doses. The data indicate that the number of cells appearing in the blood is related not only to the number of infused cells, but to the survival time of the host as well ; suggesting, in view of the large number of cells required to effect heterotransplantation, that serial passage of human leukemic cells in hamsters is not an intrinsically insoluble problem, but must await development of appropriate methods of prolonging postirradiation survival to increase the harvest of cells from the recipient hamster.
There can be little doubt that the present evidence represents actual implantation of leukemic cells rather than the induction of leukemia by filtrable agents in or on the cells, or by irradia tion, or both, de Pasqualini et al. (7), in studies describing the increased incidence of leukemia following the intrasplenic inocu lation of human lymphoma into BALB/c mice, distinguished between these 2 possibilities, although their experiments did not formally exclude or substantiate either possibility. On the other hand, Schwarzenberg et al. (9) have observed what can only be interpreted as implantation of allogenic human malignant myeloid cells in a patient with Hodgkin's disease and agranulocytosis (who previously had received intensive radio-and chemotherapy) following the transfusion of leukocytes obtained from patients with chronic granulocytic leukemia. In commenting on this, van Bekkum (2) points out that the major factors affecting implanta tion of infused allogenic hemic cellsâ€"largenumbers of cells con comitant with suppression of the immune responseâ€"probably were satisfied by the clinical conditions. In the present experi ments, implantation rather than induction is indicated by the rapidity of repopulation of the hemopoietic centers; and the morphologic resemblance of the cells present in the recipient ham sters to those in the original blood buffy coat and the continuous cultures derived therefrom. Furthermore, by analogy to the AK-4 leukemia model with its known oncogenic agents, the only reac tion to be expected in 4-6 days postinfusion if the cells fail to implant is death of the hamster in complete hÃ©matologie collapse, with plasma cell infiltration of the lymph nodes (Fig. 9) .
The most convincing evidence for implantation of the inocu lated cells is afforded by experiments with fluorescent antibody to the cultured lymphoblasts produced in hamsters and absorbed with bovine liver powder, guinea pig or human red cells, or ham ster spleen cells. These experiments (to be published in detail later) indicate that the lymphoblasts observed in irradiated ham sters inoculated with CCRF-CEM cells fluoresce with this anti body as do the CCRF-CEM cells in culture; and that the anti body does not react with control cell cultures of mouse or Chinese hamster origins, but does exhibit some cross-reactivity with other cell cultures of human (e.g., KB) origins. It should be em phasized that although such results probably indicate the pres ence of human species-antigen in the cells recovered from infused hamsters (suggesting transplantation rather than induction of leukemia), the results do not necessarily preclude the existence or nonexistence of leukemogenic agents in or on the cells.
It is of considerable theoretical interest that the conditions of irradiation dose and inoculum required to effect heterotransplan tation of the original buffy coat cells were identical with those re quired to effect heterotransplantation of the CCRF-CEM lymph oblasts maintained in continuous cultures. This, together with the characteristic lymphoblastic morphology exhibited by these cells in culture as adjudged by light and electron microscopy sug gests (4) that there have been no major changes (detectable by these means) consequent to prolonged cultivation. Further, the present results suggest that the characteristic ability of leukemic cells to disseminate via the blood and infiltrate tissues is retained after isolation in culture. Whether or not these observations will be of any utility in evaluating other long-term cultures of human leukemic cells rests upon knowledge of the as yet unknown be havior of cells of normal hemic or lymphoid origin in this hetero transplantation system following their isolation in vitro. The present studies, though preliminary, thus appear to confirm the potential utility of the classical bone marrow protection experi ment not only for the heterotransplantation of human leukemic cells for biologic investigation, but as well for the "monitoring" of cell cultures of hemic or lymphoid origins. 
